Background and Purpose-Arterial hypotension is more frequently observed early after carotid artery stenting (CAS) than after carotid endarterectomy (CEA), but their long-term effects on blood pressure (BP) are unclear. We compared the effects of CAS and CEA on BP up to 1 year after treatment in the International Carotid Stenting Study. Methods-Patients with symptomatic carotid stenosis were randomly allocated to CAS or CEA. Systolic and diastolic BP were recorded at baseline, at discharge, and at 1, 6, and 12 months. Antihypertensive medication use was recorded. A per-protocol analysis was performed. Patients with missing BP records were excluded. Between-group BP changes were compared and adjusted for baseline covariates with linear regression. Within-group BP changes were compared with the paired t test. Results-CAS (Nϭ587) and CEA (Nϭ637) were both associated with a decrease in BP at discharge, which was greater after CAS (mean difference in systolic BP between groups, 10.3 mm Hg; 95% CI, 7. 
A rterial hypotension is a frequent complication after carotid artery stenting (CAS) and has been attributed to manipulation of the carotid sinus and baroreceptor dysfunction. [1] [2] [3] The arterial baroreceptors are stretch receptors located in the carotid sinuses and play a key role in short-term adjustments of blood pressure. 4 In case series of CAS, hypotension or hemodynamic depression has been observed in up to half of cases. 1, 2, 5 Hypertension and the related cerebral hyperperfusion syndrome are well-known complications after carotid endarterectomy (CEA). 6 However, previous studies have reported varying degrees of hypotension in the early postoperative period after CEA as well. [7] [8] [9] The long-term effects of CAS and CEA on blood pressure (BP) are unclear. Systolic BP (SBP) remained lower than at baseline after CEA but not after endovascular treatment up to 6 months follow-up in 1 small trial. 10 However, an older study found no BP-lowering effect of CEA. 11 We hypothesized that lower BPs would persist longer after CAS than after CEA and that this would affect the use of antihypertensive drugs. Therefore, we compared the change in BP after CAS and CEA up to 12 months of follow-up from baseline and compared the use of antihypertensive drugs between these groups during follow-up.
Methods

Subjects
All patients in this study were participants in the International Carotid Stenting Study (ICSS, ISRCTN25337470). ICSS is an international, randomized controlled trial comparing the risks, benefits, and cost-effectiveness of CAS and CEA in patients with a recently symptomatic carotid artery stenosis Ͼ50%. Patient criteria, randomization, and the results of an interim safety analysis have been described elsewhere. 12 Patients were followed up at 30 days after treatment and at 6 and 12 months and each subsequent year after randomization. BPs were recorded according to center policy at randomization (baseline), at discharge after treatment, and at 1, 6, and 12 months follow-up. Single measurements were made without distinctions about which arm had to be used, and mercury sphygmomanometers as well as electronic devices were allowed for BP measurement. Records were kept on whether patients used any antihypertensive medication and for the use of any antithrombotic medication or a statin during follow-up visits. Patients with missing BP records were excluded from the analysis.
Study Approval
ICSS was approved by local ethics committees for non-UK centers and by the Northwest Multicenter Research Committee in the United Kingdom. Each patient provided written informed consent.
Outcome Measures
The primary outcome measure of the present study was the changes in SBP and diastolic BP (DBP) between baseline and follow-up. The use of antihypertensive medication during follow-up was a secondary outcome measure.
Statistical Analysis
A per-protocol analysis was performed for the primary and secondary outcome measures. Because of the explanatory character of this study, analysis was restricted to the patients who received the allocated treatment as their first and only treatment; thus, patients with an abandoned treatment were excluded from the analyses.
SBP and DBP changes were defined as the BP at randomization subtracted from the measurement at discharge after treatment and at 1, 6, and 12 months. Negative values therefore represent a decline in BP from the first measurement. Mean differences between the 2 treatment groups in SBP and DBP changes with corresponding 95% CIs were calculated. The relation between treatment and BP changes was analyzed with linear regression and was adjusted for age and sex and for imbalances in other baseline characteristics. Risk ratios were calculated for the use of antihypertensive medication at 1, 6, and 12 months follow-up between the 2 treatment groups and for the use of any antithrombotic medication or a statin during follow-up. For within-group (CAS or CEA) changes of BP, 95% CIs based on the paired t test were calculated. Because a history of hypertension and the use of antihypertensive drug at baseline might affect the outcomes, we performed additional analyses in patients with treated hypertension at baseline. Figure 1 illustrates the flow of the 1713 enrolled patients in ICSS and provides reasons for exclusion from analysis. The present study population consists of the 766 patients undergoing CAS and 819 patients undergoing CEA with a single initiated and completed intervention. Figure 1 . Flow of patients. In the International Carotid Stenting Study, randomization was stratified by center with minimization for sex, age, contralateral occlusion, and side of the randomized artery. No record was kept of patients screened who were ineligible or treated outside the trial. 12 BMT indicates best medical treatment; CAS, carotid artery stenting; CEA, carotid endarterectomy.
Results
Patient Flow
Baseline Characteristics
Baseline SBP and DBP did not differ between the 2 groups, and there was no difference in the percentage of patients with treated hypertension. Fewer patients randomized to CAS had a history of cardiac failure at randomization; there were no other differences in baseline characteristics between the groups (Table 1) .
Follow-Up
The mean length of postprocedural hospitalization did not differ between both groups (CAS, 3.2 days; CEA, 3.6 days; mean difference [MD], 0.4 days; 95% CI, Ϫ0.3 to 1.2; Pϭ0.272). Patients without follow-up BP measurement at 1 month were 2.6 years older (95% CI, 0.5-4.6; Pϭ0.015) and had 1.4 times more often a transient ischemic attack as a presenting symptom (95% CI, 1.1-1.8; Pϭ0.017). The patients who did not have a follow-up BP measurement at 12 months were 2.7 years older (95% CI, 1.4 -4.1; PϽ0.0001), had lower baseline SBP (Ϫ5.2 mm Hg; 95% CI, Ϫ9.1 to Ϫ1.3; Pϭ0.008), and had 1.47 times more often a history of myocardial infarction (95% CI, 1.12-1.95; Pϭ0.006). The baseline characteristics between patients undergoing CAS and patients undergoing CEA who were not seen for follow-up examination did not differ at 1 month, but patients undergoing CAS who did not have BP measurements at 12 months had 0.87 times less often treated hypertension at baseline (95% CI, 0.75-1.00; Pϭ0.047).
BP Changes in Primary and Secondary Outcomes
SBPs and DBPs at baseline and during follow-up in both groups are shown in Figure 2 . At discharge after treatment, the decrease in SBP and DBP was larger in the CAS group than after CEA (MD in SBP between groups, Ϫ10.3; 95% CI, Ϫ13.3 to Ϫ7.3, PϽ0.0001; MD in DBP between groups: Ϫ4.1; 95% CI: Ϫ5.7 to Ϫ2.4, PϽ0.0001). In both groups, DBP decreased significantly between baseline and discharge after treatment. There were no differences between the groups at subsequent follow-up visits up to 12 months after randomization ( Table 2 ). The differences between BP changes after CAS or CEA did not alter substantively after adjustment for age, sex, and history of cardiac failure.
At 1 month from randomization, DBP was approximately 1 mm Hg higher than at baseline after each of the procedures, but this change was only significant after CAS. At 6 months, SBP was slightly lower than at baseline in both groups (MD SBP CAS, Ϫ2.5; 95% CI, Ϫ4.7 to Ϫ0.4, Pϭ0.022, MD SBP CEA, Ϫ3.0; 95% CI, Ϫ5.0 to Ϫ0.9, Pϭ0.005), but at 12 months only in patients treated with CEA (MD SBP, Ϫ4.4; 95% CI, Ϫ6.5 to Ϫ2.2; PϽ0.0001). There were no differences between SBP at baseline and after 12 months follow-up in patients treated with CAS. Significantly fewer patients undergoing CAS were using antihypertensive medication than patients treated with CEA at all the follow-up appointments up to 1 year after randomization (Table 3) . The numbers of patients treated with any antithrombotic medication or a statin during follow-up were similar between the 2 groups with the exception of a slightly less frequent use of any antithrombotic treatment in patients treated with CEA at 6 months (Supplemental Table I ; http://stroke.ahajournals.org). *Degree of stenosis measured by North American Symptomatic Carotid Endarterectomy Trial method at randomization center. 13 †If 2 events were reported on the same day, the more serious was counted (strokeϾretinal infarctionϾtransient ischemic attackϾamaurosis fugax). ‡In 2 patients, the event was more than 12 mo before randomization and in 2 the date was unknown.
§Some Rankin scores of Ն3 were caused by nonstroke disability.
BP Changes in Patients With Treated Hypertension at Baseline
In a sensitivity analysis of patients with treated hypertension at baseline, the difference between both groups stayed evident for the decrease in BP at discharge (MDs between CAS and CEA in SBP, Ϫ9.2 mm Hg, 95% CI, Ϫ12.8 to Ϫ5.6., PϽ0.0001; DBP, Ϫ3.8, 95% CI, Ϫ5.8 to Ϫ1.9, Pϭ0.0001).
The differences between the changes between CAS and CEA during follow-up were largely of the same magnitude as in the overall analysis.
Discussion
The present study shows that both CAS and CEA are associated with a decrease in BP in the first days after treatment and that this decrease is larger after CAS than after CEA. The difference in BP between CAS and CEA disappeared at 1 month after treatment and was not seen during follow-up up to 1 year after randomization. Patients in both groups had slightly lower SBP at 12 months than at baseline, but the difference was only significant in the patients undergoing CEA. However, patients treated with CAS used antihypertensive drugs less frequently during the complete period of follow-up, whereas there were no major differences in the use of any antithrombotic medication or statins. In observational studies, early postprocedural decreases in BP have been observed after both CEA 7-9,11 and CAS. 1,3,14 -16 Controlled but nonrandomized studies have suggested that arterial hypotension is a more frequent complication after CAS than after CEA. 17, 18 In the randomized Endarterectomy Versus Angioplasty in Patients With Symptomatic Severe Baseline measurement is at randomization. Negative within-group scores mean a decrease from baseline. Numbers represent patients with blood pressure records both at baseline and at follow-up.
CAS indicates carotid artery stenting; CEA, carotid endarterectomy; MD, mean difference between CAS and CEA; SBP, systolic blood pressure; DBP, diastolic blood pressure; CI, confidence interval.
*Effect estimates remained essentially the same after adjustment for age, sex, and cardiac failure. †Measurement in mm Hg.
Carotid Stenosis (EVA-3S) trial of CAS versus CEA in patients with symptomatic carotid artery stenosis, bradycardia or hypotension was observed during the first 30 days of treatment in 11 (4.2%) of the 261 patients treated with CAS and in none of the 259 patients treated with CEA. 19 None of the other recent randomized trials of CAS versus CEA reported on early BP changes. 12, 20, 21 Arterial hypotension during or after CAS has been explained by the stretching of the carotid sinus baroreceptors by the stent. 5 CEA impairs BP homeostasis through ipsilateral carotid baroreceptor denervation. Some drugs used in the perioperative period such as opioids affect cardiovascular function by attenuation of sympathetic afferent and efferent activity, direct central or peripheral vagal stimulation, and direct and indirect effects on the myocardium and vascular smooth muscle. 22 The effects of CEA and endovascular treatment on BP during a longer period of follow-up have been compared in a single-center substudy of the randomized Carotid and Vertebral Artery Transluminal Angioplasty Study (CAVATAS) and in the EVA-3S trial. 10 Of the 55 patients randomized to endovascular treatment in CAVATAS, 31 received percutaneous transluminal angioplasty alone and 24 were treated by stenting. At 6 months follow-up, SBP was 4.9 mm Hg lower compared with baseline in surgically treated patients, whereas there was a nonsignificant decrease of 1.9 mm Hg in patients treated with percutaneous transluminal angioplasty or stenting. In the EVA-3S trial, no statistically significant differences between patients treated with CEA and those treated with CAS were found in SBP and the use of antihypertensive drugs at 1 and 4 years follow-up. At 1 year, 82% of the patients randomized to stenting used antihypertensive medication as compared with 87% of the patients randomized to CEA. 23 This difference may have missed statistical significance because of the smaller group sizes than in our study. In a substudy of the randomized North American Symptomatic Carotid Endarterectomy Trial (NASCET), no difference in SBP at 2 years was observed between patients treated with CEA and patients who received best medical care alone. 24 More stringent BP control could further reduce the longterm risk of stroke in patients treated with CAS or CEA. Randomized trials have shown that the use of antihypertensive medication reduces the risk of recurrent stroke after stroke or transient ischemic attack. 25 Guidelines for the prevention of stroke in patients with transient ischemic attack or stroke therefore recommend the use of antihypertensive medication for the large majority of patients. 26, 27 We consider overall BP control in ICSS unsatisfactory, because the majority of patients had SBPs above target levels in guidelines current at the time (Figure 2 ). The use of any antihypertensive medication at 1 year was just 67% of patients after CAS and 74% after CEA. This could be seen as indicating a reduced requirement for antihypertensive medication after CAS. However, the data also indicate considerable undertreatment of hypertension in both arms. In ICSS, medical care during follow-up was at the discretion of the treating physician, and at 1 year, this is most likely to have been the patient's general practitioner.
Our study has limitations. First, there was no predefined BP measurement protocol in ICSS. However, we do not expect this to have a large effect on our findings, because we calculated BP difference scores per patient and because BP measurements were done according to the same policy in each center for patients treated with CAS or CEA. Second, no records were kept why BP measurements were missing, which could have caused selection bias. However, baseline characteristics of patients excluded from the analyses because of missing data did not differ greatly from those of the included patients. Excluded patients were older, which could have caused an underestimation of BP changes. In the present study, BP changes between baseline and follow-up at 1, 6, and 12 months were similar between CAS and CEA. The interpretation of this finding is hampered by the substantially more frequent use of any antihypertensive drug in patients treated with CEA despite a similar frequency of treated hypertension at baseline. In addition, no records were kept of the type of antihypertensive medication and dosages in both groups. It appears plausible that because of the larger early BP reduction after CAS than after CEA, antihypertensive medication was stopped and not resumed more frequently after CAS than after CEA. The absence of a difference in BP between CAS and CEA during follow-up after discharge despite lower use of antihypertensive medication suggests that CAS may have a long-term hypotensive effect compared with CEA. The analysis of data from further follow-up in ICSS beyond 1 year, which will be available after completion of the trial, may provide further insights into this effect. 
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